The relaxation of isolated quantum many-body systems is a major unsolved problem connecting statistical and quantum physics. Studying such relaxation processes remains a challenge despite considerable efforts. Experimentally, it requires the creation and manipulation of well-controlled and truly isolated quantum systems. In this context, ultracold neutral atoms provide unique opportunities to understand non-equilibrium phenomena because of the large set of available methods to isolate, manipulate and probe these systems. Here, we give an overview of the rapid experimental progress that has been made in the field over the last years and highlight some of the questions which may be explored in the future.
INTRODUCTION
Statistical mechanics provides a powerful description of the thermal properties of many-body systems. Typically, in this description the system under study is being coupled to a large reservoir, with which it can exchange particles or energy to reach a state of thermal equilibrium [1] . Moreover, it is implicitly assumed that this reservoir itself is in thermal equilibrium. If we do not want to invoke an even larger reservoir that thermalized the first one, we naturally arrive at the fundamental question if already a single, isolated many-body system can evolve in such a way that it reaches an (apparent) thermal equilibrium state. While this question is well understood for classical systems, the quantum case still lacks a general description [2] .
The understanding of such non-equilibrium dynamics is not only the topic of intense research in quantum statistical physics, but also an open problem in diverse fields such as cosmology [3] [4] [5] , high-energy physics [6] [7] [8] , quantum information and condensed matter [9] [10] [11] [12] , spanning virtually all energy, time and length scales. As a consequence, the term non-equilibrium dynamics encompasses many different protocols and phenomena. Topics that have been investigated theoretically range from dynamical phase transitions and the emergence of a thermodynamical description to transport phenomena and the interplay between dynamics and disorder [10, [13] [14] [15] [16] [17] [18] [19] .
A key challenge is the scarcity of experimental platforms to probe such relaxation dynamics in detail. These platforms have to be at the same time sufficiently well isolated from the environment and still accessible for experimental study. Over the last years, ultracold atomic gases have emerged as versatile model systems, as they combine these two essential prerequisites in a very unique fashion [20, 21] . In this review, we present a (non-exhaustive) overview of recent experiments that demonstrate how ultracold atoms can provide comprehensive insights into many aspects of non-equilibrium quantum many-body physics.
NON-EQUILIBRIUM DYNAMICS OF ISOLATED QUANTUM SYSTEMS
We start with a brief outline of the generic theoretical expectations for relaxation processes in quantum manybody systems. A particularly useful protocol is the quantum quench, where the dynamical response of a system to a sudden perturbation is studied (Fig. 1) . Imagine a rapid change of a generic quantum many-body system's Hamiltonian H → H at some time t 0 . Then, the expectation value of an observable O after the quench is given by O(t) = ψ(t)|O|ψ(t) . The many-body wave function |ψ(t) evolves in time as |ψ(t) = exp(−iH t/h)|ψ 0 under the influence of the new Hamiltonian H . Except for the artificial case where the state |ψ 0 after the quench is an eigenstate of H , this simple equation describes an extremely complex time evolution, for which no general solution exists. Consequently, it has so far only been possible to understand if and how isolated quantum systems relax towards equilibrium states for a very limited number of special cases [2] . Thermalization would require a complete loss of all memory of the initial state |ψ 0 . However, because the time-evolution in quantum mechanics is unitary, this loss of memory seems impossible.
The apparent absence of thermalization is in stark contradiction to our common knowledge, which tells us that many quantum mechanical systems, including ultracold atoms, can be described by a thermal state. This paradox was noticed already shortly after the introduction of quantum mechanics, with the earliest attempts to resolve it dating back to the 1930s [2, 23] . The general key to resolving the paradox is the fact that the central role for our observations is not played by the many-body wave functions, but instead by the outcomes of the measurement process. In a single run, a large quantum manybody system will evolve in a unitary way, but when observables are measured, their expectation values might become arbitrarily close to the prediction of a thermal state. A particular well-studied scenario to grasp this intuition more formally is the eigenstate thermalization hypothesis (ETH) [16, 17, 24] , which conjectures that the initial state of a non-equilibrium evolution already has thermal properties on the level of individual manybody eigenstates. While an experimental observation is still lacking, numerical results in some systems (in particular ones with a chaotic classical limit) indicate that the ETH is fulfilled for generic few-body observables, i.e. observables that only act on a small subsystem of the total system [17, 25] . An intuitive picture for this observation is that the isolated total system acts as an environment that thermalizes its few-body subsystems [26] . However, not all systems are expected to thermalize, the most notable exceptions being integrable [27] and localized systems [28] .
If we assume that some isolated quantum systems can appear (for all practical purposes) thermalized, the next important question is how the thermalization proceeds. For example, there might be partial relaxation only, where instead of a complete loss of memory of the initial state, the system only partially forgets the initial conditions. Also, there might be different stages of relaxation connected to different time scales. Such relaxation with different time scales has been predicted to occur in many systems [3, 5, 6, 9, 11, 12, [29] [30] [31] , providing a striking example of the complexity of non-equilibrium dynamics in the quantum world.
STUDYING NON-EQUILIBRIUM DYNAMICS WITH COLD ATOMS
Atomic gases provide unique opportunities for studying these non-equilibrium processes in the laboratory. The quantum evolution can be observed on experimentally accessible timescales and the tunability of many parameters allow the realization of a multitude of different physical situations. The thermal equilibrium properties of atomic gases have been covered in a number of extensive reviews [20, [35] [36] [37] , both in the fermionic [38] and the bosonic [39] case. Typically, realizations of such gases are very dilute with densities below 10 14 atoms per cm 3 to avoid losses from molecule formation [39] . These very low densities require ultracold temperatures to reach the quantum degenerate regime. These temperatures are typically achieved by a sequence of laser [40] and evaporative cooling, with the gas being confined using magnetic or optical fields [39] . The confinement can be tailored with great flexibility, from standard harmonic trapping potentials [39, 41] to micro-fabricated guides on atom chips [42, 43] , box-, ring-and micro-traps created using optical dipole potentials [44] [45] [46] , or optical lattices formed by interfering laser beams [47] .
With typical system sizes from a few to 10 7 atoms and temperatures reaching down to the picokelvin range, the mere existence of these gases demonstrates their near-perfect isolation from the environment. Moreover, only selected atomic species are introduced and cooled to ultracold temperatures [48, 49] and the atomic quantum states are under perfect control using optical, microwave or radio-frequency fields. At the same time, parameters like interaction strength, temperature, density, and dimensionality can be widely tuned, and the well-established and versatile techniques of atomic physics provide unique means for manipulation and probing [20, 39] . In the following, we detail some of these techniques and give specific examples that provide insights into generic phenomena of non-equilibrium quantum many-body systems. While many early experiments on ultracold atoms studied the rich and intricate collective dynamics of such gases that is not necessarily connected to relaxation processes and which can often be described using hydrodynamics and mean-field physics [39, 50, 51] , we focus here on the connection between many-body dynamics and statistical physics.
Timescales
The isolation from the environment and control over the quantum states of the atoms lead to very long coherence times that can reach many seconds. For studies of non-equilibrium properties, these coherence times have to be compared to the timescales of the dynamics. The latter are related to the relevant energy scales, like temperature, kinetic and interaction energy. They typically lie in the millisecond range, orders of magnitude below the coherence times. It is therefore possible to follow the intrinsic quantum dynamics of ultracold gases for very long times scales. From a more practical point, these dynamical timescales are also slow enough that no specialized ultrafast equipment is required in the experiments.
In a landmark experiment Greiner et al. [32, 56] (a) (c) (e) demonstrated the possibility of following the unitary dynamics of a quantum many-body system by studying atoms trapped in an optical lattice. In their experiment, the system was brought out of equilibrium by quenching the depth of the lattice potential within the superfluid regime. This created coherent superpositions of Fock states with different atom numbers on each lattice site. Because of the different energies associated with each Fock state the atomic matterwave field periodically dephased and rephased, resulting in long-lived coherent collapse and revival dynamics (Fig. 2a) .
In a different series of non-equilibrium experiments, Weiler et al. [57] and Lamporesi et al. [33] monitored the actual formation of a Bose-Einstein condensate (BEC). In cold atom experiments, cooling across the BEC phase transition is typically achieved by evaporation, in which the most energetic atoms are removed from the gas. The remaining atoms subsequently rethermalize to a colder temperature through inter-atomic collisions. In the experiments, the removal of the particles was controlled using radio-frequency transitions to untrapped atomic states. This allowed to cross the phase transition with different velocities, revealing the formation of non-thermal states exhibiting defects (Fig. 2b) , in close analogy to the Kibble-Zurek mechanism [58] .
The coherence times in such experiments are in fact so long that their results can be challenging to reproduce using classical computers [59] . They are thus examples of dynamic quantum simulators [34, [60] [61] [62] [63] [64] , where well-controlled experimental dynamics is used to obtain results beyond the capabilities of present numerical quantum many-body simulations. An example is the experiment by Trotzky et al. [34] , where the dynamics of a strongly-correlated state of bosonic atoms in an optical lattice was monitored (Fig. 2c) . Atomic densities, currents and coherences all showed a fast relaxation towards their equilibrium values and could be followed experimentally for times that were much longer than the ones accessible in a numerical time-dependent density-matrix renormalization group simulation [65] .
Observables
To probe their dynamics, ultracold gases can be imaged both in the confining trapping potential and after their release in time-of-flight expansion. While the former provides direct access to the density distribution n() in position space, the latter enables the measurement of the momentum distribution n(k). Typically, the detection process relies on the interaction of the atoms with laser light, either via absorption or fluorescence [20, 39] . In terms of sensitivity, this detection process can reach the single atom level. For example, Sherson et al. [66] and Bakr et al. [67] prepared a Mott insulator [68] of bosonic 87 Rb atoms trapped in the periodic potential of an optical lattice. Employing fluorescence imaging and high-resolution optics, they were able to image the system with both single lattice site and single atom resolution.
Combining the flexibility of the lattice potential with this technique enabled a remarkable series of nonequilibrium experiments, for example a microscopic observation of atomic tunneling dynamics [52] (see Fig. 3a,b) , the spreading of quasi-particle pairs in a lightcone like dynamics [72] , or the dynamics of two-magnon bound states [73] .
Single atom sensitivity is not only limited to in-situ probes of ultracold atoms. Letting an expanding cloud of atoms pass through a resonant sheet of laser light, Bücker et al. [53] demonstrated single atom sensitive fluorescence imaging in time-of-flight. In the future, this scheme could be combined with focusing techniques [74] to yield not only single atom, but even single excitation sensitivity.
Using this scheme enabled the observation of parametric amplification dynamics, leading to highly squeezed twin-atom beams [54] (for similar results, see also Refs. [75, 76] ). By exploiting an optimal control pulse, atoms were transferred from the ground state of the trapping potential into the first excited state. This highly non-equilibrium state subsequently decayed back into the ground state via complex many-body dynamics which could be monitored with single atom sensitivity (Fig. 3c,d) .
While the aforementioned imaging techniques can provide access to the density and momentum distributions, they do not allow the probing of the complex phase of the quantum fields under study. This can be accomplished using matterwave interference experiments where two ultracold gases are superimposed in time-of-flight expansion [77] . Such techniques are of high relevance for applications in metrology [78] [79] [80] .
For example, Gring et al. [55] used the interference of two clouds of 87 Rb atoms to show that this system retains memory of an initial non-equilibrium state for an extended time (Fig. 3e,f) . A study of the full counting statistics of the interference contrast [81] [82] [83] [84] revealed that instead of relaxing to thermal equilibrium, the system relaxed to a long-lived prethermalized state [6, 55, 82] . In this steady state, the system already showed thermal features like a temperature, but the state was still markedly different from thermal equilibrium.
Note that both fluorescence and absorption imaging are destructive methods. Experiments thus rely on the repeated preparation of many atomic clouds with identical initial conditions, which are let to evolve for different times. However, also less invasive techniques are possible, ranging from phase contrast imaging [39] , imaging based on the Faraday effect [85] , imaging of lattice gases using Raman sideband cooling [86] , to more exotic techniques, such as electron microscopy of quantum gases [87, 88] . One the one hand, these techniques enable a repeated probing of the same system. On the other hand, every measurement will inevitably influence the non-equilibrium dynamics through quantum back-action.
Tunability of interactions
One of the remarkable feature of ultracold atoms is the fact that interactions can be tuned over a wide range using Feshbach resonances [89, 90] . Such resonances arises in the scattering properties of the atoms when the state of two free atoms becomes resonant with a molecular bound state. Tuning the position of these two states with respect to each other can be achieved using magnetic fields. The interactions can be characterized using the s-wave scattering length a, which scales as a(B) = a bg [1 − ∆/(B − B 0 )] across the resonance. Here, B 0 is the position of the resonance where a diverges and changes sign, ∆ is the width of the resonance, and a bg is the background scattering length which characterizes the scattering properties away from the resonance. Particularly convenient atomic species for such experiments are cesium [91] , lithium [92, 93] and potassium [94, 95] , where several wide Feshbach resonances are easily accessible in experiments.
For example, Hung et al. [69] started from a twodimensional superfluid formed by loading a quantum degenerate sample of bosonic 133 Cs atoms into a highly oblate trap. Subsequently, the system was taken out of equilibrium by quenching the interaction strength. The subsequent evolution of the non-equilibrium state showed two aspects. On long time scales, the system adjusted its overall density profile to the new interaction energy. On shorter time scales, density fluctuations in the cloud emerged, which were created by the sound waves generated in the interaction quench (Fig. 4a) .
In another experiment Meinert et al. [96] used cesium atoms in a tilted optical lattice to implement a realization of the 1D Ising model with tunable interactions [97, 98] . Changing the tilt of the lattice a sudden quench to the vicinity of the transition point of the Ising paramagnetic to anti-ferromagnetic quantum phase transition was realized. They observed coherent oscillations for the orientation of Ising spins, the properties of which could be widely tuned using a Feshbach resonance. Moreover this technique recently enabled the direct observation of higherorder tunneling processes over several lattice sites [99] .
Superheating was studied by Gaunt et al.
[100] using a gas of potassium atoms. This everyday non-equilibrium phenomenon occurs in many liquids such as water: when heated undisturbed the liquid does not boil, even above the boiling temperature. A very similar phenomenon can also occur in quantum systems, where a superheated Bose-Einstein condensate can persist above the critical temperature T c . This superheated quantum state can be achieved by adjusting the atomic interactions of the potassium atoms so that thermalization in the BEC occurs faster than atoms are able to cross from the condensed to the thermal state, that is, to boil off from the BEC. In this remarkable state of a many-body quantum system, the condensed and uncondensed parts of the atom cloud have the same kinetic temperature, with the same average kinetic energy per atom. Nevertheless, the quantum degenerate BEC in the experiments persisted up to a temperature 50% higher than T c , and thermalization could be turned on or off by controlling the atomic scattering properties using a Feshbach resonance. Translated into our classical world this would correspond to observing superheated water at close to 575 K. The experiment thus showed that many-body quantum states can survive at higher temperatures for much longer than predicted by equilibrium physics.
Internal degrees of freedom
Atoms also contain well-controllable internal degrees of freedom which can be used to realize even richer physics. A prime example are spinor gases, where the atoms are prepared in hyperfine states with F > 0. Here, F denotes the quantum number of the total angular momentum. Such spinor gases can thus combine superfluid behavior and magnetism. They can also be used to study spin dynamics [101] [102] [103] .
For the case of bosonic atoms with F = 1 the system exhibits a quantum phase transition between a polar and a ferromagnetic phase. The competing parameters controlling this phase transition are the mean-field interaction of the spinor gas and a quadratic Zeeman interaction that can be tuned via an external magnetic field. Rapidly tuning an external magnetic field can be used to quench the system from one phase to the other. Such an experiment was realized by Sadler et al. [70] . During the subsequent time-evolution non-destructive phase contrast imaging was used to observe the dynamical emergence of magnetic domains in the gas. These were found to be very long-lived, indicating the emergence of a steady state. The observations are shown in (Fig. 4b) .
The spin dynamics of spinor gases can also often be understood in analogy with a rigid pendulum. Such a pendulum features an unstable fixed point in its inverted position [104] . This is of particular interest as mean-field approximations fail in the vicinity of such fixed points because quantum fluctuations are strongly enhanced. Gerving et al. [105] realized such an inverted pendulum by initializing a gas of 87 Rb atoms exactly at such an unstable fixed point and following its subsequent oscillatory dynamics. They then performed time-resolved measurements of the full counting statistics of the spin observables and found them to be in very good agreement with quantum calculations. Remarkably, for very long evolution times atom loss from their system increased the strength of the spin oscillations. This demonstrates how decoherence during the non-equilibrium dynamics of a many-body system can result in an increase of coherent behavior.
Dimensionality, integrability and thermalization
The confining trapping potentials for ultracold atoms can be made very strong such that the motion of the atoms is restricted to lower dimensions. In particular, one-dimensional (1D) Bose gases offer a model system which contains complex many-body physics but can still be captured with reasonable theoretical effort [106] . Moreover, the homogeneous 1D Bose gas with repulsive contact interactions is one of the hallmark examples of an integrable quantum system [107, 108] . The approximate realization of such a system in experiments thus allows the study of relaxation in the vicinity of multiple conserved quantities and hence the study of the interplay between integrability, many-body dynamics and thermalization.
In cold atom experiments, a 1D Bose gas can be realized using anisotropic magnetic or optical trapping potentials, where the confinement in two directions is strong enough such that the temperature and the chemical potential of the system are smaller than the excited energy levels of the trapping potential [109, 110] . This can be expressed by the condition k B T, µ <hω ⊥ , where ω ⊥ denotes the harmonic trap frequency in the two strongly confining directions.
In contrast to the strongly confining directions many momentum modes can be occupied in the weakly confining direction. This leads to markedly different behavior than in 3D BECs, where only the lowest momentum mode is macroscopically occupied. These many momentum modes in 1D Bose gases are the origin of strong density and phase fluctuations, which prevent the creation of long-range order [111, 112] and lead to a complex diagram of possible quantum states [113] .
A landmark non-equilibrium experiment based on such 1D Bose gases was realized by Kinoshita et al. [71] . They used atoms trapped in an optical lattice to realize an array of 1D Bose gases. The interaction parameter γ = mg/hn 1D could be tuned over a wide range by changing the confining potential and the density n 1D . Here, m denotes the atomic mass and g is the interaction strength, γ 1 corresponds to a strongly-correlated Tonks-Girardeau gas [114, 115] , γ 1 to a weaklyinteracting 1D Bose gas. By applying an optical phase grating [116] , a superposition of two momentum states with opposite sign was imposed on the gas. Given these initial conditions the atoms started to oscillate in momentum space, much like a Newton's cradle (see Fig. 4c ). The resulting momentum distribution remained non-thermal even after thousands of collisions, for all realized interactions strengths. This was in stark contrast to the situation where the non-equilibrium momentum state was imposed on a 3D gas without the optical lattice. In the latter case, the system immediately relaxed to a thermal momentum distribution. The experiment thus confirmed that integrable or near-integrable systems need extremely long timescales to thermalize [27] .
The integrability does not only affect the thermalization of the system, it also has strong effects on transport phenomena. This was observed by Ronzheimer et al. [117, 118] , studying the expansion of initially localized ultracold bosons in homogeneous one-and twodimensional optical lattices. To this end 39 K atoms were prepared in the combined potential of a 3D optical lattice and an additional harmonic confinement. Interactions could be tuned using a broad Feshbach resonance. The harmonic confinement was then decreased in one or two directions, so that the atoms could expand in a oneor two-dimensional optical lattice potential, realizing an interaction quench. It was observed that the fastest, ballistic expansion happened in all integrable limits of the system, where the presence of many constants of motion inhibited diffusive scattering. Deviations from these limits significantly suppressed the expansion and lead to signatures of diffusive dynamics.
Finally, a series of experiments on the dynamics of 1D Bose gases was performed on atom chips [22, 43, 119, 120] . In these experiments a single 1D Bose gas was studied, which enabled direct access to the fluctuation dynamics of the system. This situation is in contrast to the one in optical lattices, where the information contained in the fluctuations is inherently washed out by an average over many non-identical copies of the system.
Following up on the aforementioned observation of prethermalization [55] , a quench was realized by transversely deforming the trapping potential into a fully tunable double well. This rapidly split the gas into two halves. The system was then let to evolve for a variable time. Subsequently, all trapping potentials were switched off, the gases expanded, overlapped and formed a matter wave interference pattern which could be imaged by standard techniques (see Fig. 5 ). The interference pattern with its locally displaced interference fringes directly reflected the fluctuating relative phase field φ(z) between the two halves of the system. Immediately after the coherent splitting, the relative phase field was close to zero along the whole length of the system, resulting in straight fringes. Over time, the dynamics lead to a randomization of the relative phase and the corresponding interference patterns. This process can be quantified by studying the time evolution of two-point (or higher-order Npoint phase correlation functions), given by
. Here, the Ψ 1,2 denote bosonic field operators describing the two halves of the system [121, 122] . The correlation functions contain only the measured relative phase φ(z) and can thus be directly calculated from the experimental data.
The dynamics of the two-point correlation function showed that the thermal correlations of a prethermalized state are first established locally and then spread through the system in a light-cone like evolution [84, 122, 123] FIG. 5: Experimental scheme for the study of non-equilibrium dynamics in a 1D Bose gas. (a) The experiment starts with a single gas in thermal equilibrium, where temperature manifests via phase fluctuations of the phase field θ initial (z) (represented by the black solid line). This initial gas is quenched by splitting it into two uncoupled halves with almost identical phase fluctuations θL(z) and θR(z), and allowed to evolve for a time t . (b) Consequently, at t = 0 ms, fluctuations in the local phase difference φ(z) = θL(z) − θR(z) between the two gases are very small, but start to randomize for t > 0 ms. (c) shows typical experimental matter wave interference patterns obtained by overlapping the two gases in time-of-flight. Differences in the local relative phase lead to a locally displaced interference pattern, from which the relative phase, and thus the dynamics of the system, can be extracted by fitting a sinusoidal function to each pixel column. Figure adapted from [22] . (Fig. 6) . In this context, the phononic excitations of the system could be interpreted as information carriers which propagate correlations through the system [26, 72, 124] .
Moreover, using higher-order correlation functions the particular prethermalized state could be directly connected to a generalized Gibbs ensemble (GGE) [125, 126] . In its most general form such a GGE is described by the density matrix [126] [127] [128] 
Here, {Î m } denotes a full set of conserved quantities of the integrable system and Z = Tr[exp(− m λ mÎm )] is the partition function and m ≥ 1 is an integer. The numbers λ m are Lagrange multipliers associated with the conserved quantities. They are obtained by maximization of the entropy under the condition that the expectation values of the conserved quantities are fixed to their initial values. The GGE is a direct generalization of the usual thermodynamical ensembles and has been suggested to describe relaxed states in such diverse situations as integrable systems [126, 128] , localized systems [28, 129] or systems with approximately conserved quantities [30] . For example, in the case where only the energy is a conserved quantity, the GGE reduces to the standard canonical or Gibbs ensemble, with temperature being the only Lagrange multiplier. The GGE thus connects the relaxation of quantum many-body systems to the fundamental principle of entropy maximization, which forms the basis of statistical mechanics [127, 130, 131] . From this, connections to the concepts of statistical physics that were outlined in the beginning can directly be established.
CONCLUSION AND PERSPECTIVES
The experiments with ultracold gases presented in this short review reveal a wide range of non-equilibrium phenomena. Yet, they are only a first step on the way to a general framework for non-equilibrium dynamics. This research is characterized by a close connection between experiment and theory. One particularly active line of research is the realization of textbook models of statistical physics to study their dynamics. Examples include Ising chains [96] , (super) Tonks-Girardeau [114, 115, 132] and Yang-Yang gases [133] , Luttinger liquids [55, 134] , Hubbard-or Yang-Gaudin models [47, 68, [135] [136] [137] [138] . Beyond the neutral atom gases discussed in this review, interesting systems have also been realized using charged ions [139] [140] [141] .
Tunnel-coupled 1D bosons, as implemented using atom chips or optical lattices [121, 142] , could be used to study the dynamics of the quantum Sine-Gordon model, which realizes a field theory with a gapped spectrum. In this case, interesting analogies with the dynamics of the early universe [143] [144] [145] and relativistic thermodynamics [146] have been pointed out. Although it appears far-fetched to expect the full complexity and non-equilibrium dynamics of a high-energy or cosmological quantum field theory to be implemented on a degenerate quantum gas consisting only of a few thousand atoms, doing so may not be necessary. This relies on the important property encountered in quantum field theories that independence of the details of the underlying microscopic description can emerge when classical and quantum corrections are successively included across a range of scales [147] . This behavior exhibits universality which is well understood in thermal equilibrium. For example, at a continuous phase transition, characteristic scaling properties of microscopically very different systems can be characterized in terms of a few universality classes relating to common symmetry properties of the systems. Similar considerations may apply also to non-equilibrium dynamics in many diverse areas of physics, ranging from the inflationary universe to complex quantum systems in condensed matter physics. Realistic proposals to observe such universal behavior away from thermal equilibrium using ultracold atoms have already been put forward [148] [149] [150] . We therefore expect future experiments to have profound implications for our understanding of the emergence of thermal and classical properties in isolated quantum many-body systems, the study of which is an ongoing theoretical and experimental endeavor.
